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Abstrat. In this paper the Penna model is reonsidered. With om-
puter simulations we hek how the ontrol parameters of the model
inuene the size of the stable population.
1 Introdution
The Penna model [1℄ is popular and eient way to simulate biologial aging
in genetially heterogeneous population (see [25℄ for review). It is based on the
mutation aumulation theory whih laims that random hereditary deleterious
mutations aumulate over several generations in the speies genome [6℄.
The model is governed by a set of parameters suh as environmental apaity
Nmax so that the atual population N ≤ Nmax. The birth rate B is the number
of osprings from a single parent per evolution time step, providing the parent
reahed age R and is still below maximum reprodution age E. Other parameters
whih ontrol the growth of the population are: number of mutations M injeted
into the baby's genome, apart from the already inherited, and threshold value T
of ative bad mutations above whih items are eliminated for this only reason.
In this paper we would like to hek how model ontrol parameters (desribed
in the next setion) inuene the size N(t) of the stable population for long times
t→∞ when mutational meltdown [712℄ is avoided.
2 Model
In the Penna model [1℄ eah individual in the population is haraterised by its
genome  the Nbit-long binary string. Time is measured by a disrete variable
t. In eah time step (t→ t+ 1), for eah individual of age a, the number of bits
set to one in the rst a positions i in genome is alulated. Bit `1' represents a
bad mutation ativated when its position 1 ≤ i ≤ a, however mutations above
a < i ≤ Nbit are not harmful. If the number of bad and ative mutations is
greater or equal to the threshold value T an individual dies due to too many
deleterious mutations and so alled geneti death takes plae.
Individuals ompetite among themselves for food and territory: eah of them
may be removed from the population with probability N(t)/Nmax, where Nmax
represents the maximal environmental apaity. In other words, we introdue
the Verhulst's fator in order to avoid exponential growth of the population size
to innity. The number Nbit of bits in genome restrits also maximal age of
individuals.
We start the simulation with Nini individuals whih genomes ontain only
`0' (no bad mutations). The population reprodues asexually. If the individual is
older than minimum reprodution age R it is able with the probability b to give
B osprings. The ospring's genome is a opy of parent's one, exposed during
repliation to M harmful mutations. Eah mutation ours with probability
m at randomly hosen position in the genome. We also introdue a maximum
reprodution age E, so the individual older than E do not lone itself any more.
3 Results
We would like to refer our results to the standard one (labelled as `std' in all
gures) whih we assume to be for Nbit = 32, Nmax = 10
6
, n(0) = N(0)/Nmax =
0.1, R = 8, E = 32, T = 3, M = 1, B = 3, m = 1.0 and b = 1.0. The
inuene of the Nbit on population harateristis was disussed earlier in [13,
14℄. The maximal environment apaity Nmax is xed during simulation. The
initial onentration of individuals in respet to maximal environmental apaity
do not inuene the results (Fig. 1(a)).
As one may expet the larger probability of reprodution 0 ≤ b ≤ 1 gives
the larger population size (Fig. 1(b)). The population size dereases when the
probability of mutations 0 ≤ m ≤ 1 inreases (Fig. 1()).
The same situation is for integer variables B and M (see Figs. 1(d) and 1(e),
respetively). If the number of mutations is too large (i.e. M > 7) the mutational
meltdown ours. Also too large value of the number of osprings (e.g. B ≥ 20)
may lead to atastrophe: too rapid growth of the population may ause that in
one time step the environmental maximal apaity Nmax will be exeeded. As
a onsequene of that the population will vanish only due to Verhulst's fator
and not the geneti one. In our implementation produts Mm and Bb may be
onsidered as the average number of mutations per individual's genome and as
the average number of osprings given every year per reprodutive individual
(i.e. in age R ≤ a ≤ E), respetively.
In Fig. 1(f) the inuene of the threshold T on the population size is pre-
sented. Dereasing the threshold T results in inreasing of the stable population
size. Setting T = Nbit eliminates geneti death and again only Verhulst's fator
determinates N(t→∞).
Delay in starting the reprodution dereases the population size as presented
in Fig. 1(g). Obviously, setting R > Nbit destroys population beause individuals
never repliate themselves. For R = 1  when all newly born babies beome
adults as quikly as possible  a very strong osillations appear (not shown).
Fig. 1(h) shows the inuene of the maximal reprodution age E on the
stable population size. For E = 8(= R), when individual reprodue only one
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Fig. 1. The inuene of the model ontrol parameter (a) n(0), (b) b, () m, (d) B, (e)
M , (f) T , (g) R, and (h) E on the population size.
(semelparous organisms [23℄) osillations in the population size appears (not
shown).
4 Conlusions
The population size of the stable population in the Penna model was already in-
vestigated for a ertain purpose, e.g.: showing advantage of sexual reprodution
on asexual one [1518℄, studying sexual delity of males vs higher reprodu-
tion rate [19℄, modelling shing and/or hunting [2022℄, explaining mystery of
Pai salmon senesene [23℄, analysing pray-predator systems [12℄, reovering
demographi data [13, 17, 24℄, modelling the oldest old eet [25℄, modelling on-
sequene of parental are [26, 27℄, studying the individuals fertility [28℄, studying
the migration eet [29℄, and others [3040℄.
In this paper we onne our attention to the basi features of the model.
Main results were olleted in Figs. 1. We may onlude the following:
1. Dierent time sales must be aounted for, if the `stable' refers to dierent
properties observed in the omputer experiment;
 total population N(t) shows values that do not hange signiantly after
about one hundred iteration steps,
 however, we need at least a ouple of thousand steps for age distribution
[14, 25℄ and, espeially, bad mutations distributions in a genome position
[12, 15℄, to beome stationary.
2. Obviously for smaller birth rates Bb the population is smaller. However,
unlike the logisti model for whih N(t → ∞) = BbNmax/(1 + Bb) [30,
40℄, the Penna model shows a ritial BC below whih the population is
extint. This is due to the geneti death as result of pumping in more and
more mutations M into eah new generation, and so BC(M) with the limit
BC = 0 for M = 0, the logisti ase.
3. When the number of bad mutationsM injeted into baby's genome is saned
from M = 0 (the logisti model), the upper limit MC for the extintion
strongly depends on fertility:
 if B is smaller, MC is also smaller, and
 for suiently large B, MC → ∞ as the high birth rate gives a hane
to new population (however rih in bad mutations) to reprodue before
it dies out soon on reahing the threshold T . This is so if the minimum
reprodution age R is suiently small to allow for the reprodution.
4. The upper age limit E for reprodution inuene the stable population N
and larger E makes bigger N , as it may be expeted. This time, however,
we do not observe any ritial behaviour when we san E.
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